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VEHICLE CONTROL SYSTEMS AND CORRESPONDING SIZING METHODS 
TECHNICAL FIELD 

[0001] The following disclosure relates generally to vehicle control surfaces and 

corresponding sizing methods, for example, sizing control surfaces on vehicles 
designed to operate in a fluid flow environment to use common actuator 
mechanisms. 

BACKGROUND 

[0002] Aircraft use various control surfaces that, through interaction with the 

airflow around the aircraft, produce forces and moments about the aircraft center 
of gravity to provide flight path control. Primary flight control surfaces can include 
ailerons for roll control, elevators for pitch control, and rudders for yaw control. 
Conventional lift and drag devices can include leading edge devices, trailing edge 
flaps, spoilers, and speed brakes. 

[0003] Figure 1 is a partially schematic top view of a conventional aircraft wing 1 , 

having a low speed aileron 2, a high speed aileron 3, an outboard flap 4, an 
inboard flap 5, flight spoilers 6, ground spoilers 7, and leading edge devices 8 
configured in accordance with the prior art. Each control surface is designed to 
provide specific functionality. For example, the high speed aileron 3 is designed 
to provide roll control when the aircraft is operating at high speed. The flight 
spoilers 6 are designed to augment roll control throughout the flight envelope. 
During low speed operation, the low speed aileron 2 is designed to augment the 
roll control provided by the high speed aileron 3 and the flight spoilers 6. The 
inboard flap 5 and the outboard flap 4 are designed to provide various high lift 
configurations used for takeoff and landing. The flight spoilers 6, in addition to 
augmenting roll control, are designed to provide a high drag configuration in flight. 
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On the ground (e.g., during landing rollout or an aborted takeoff) the flight spoilers 

6 and the ground spoilers 7 are designed to provide drag to aid in slowing the 
aircraft. Additionally, on the ground, the flight spoil rs 6 and the ground spoilers 

7 are designed to decrease the lift produced by the wing, placing more weight on 
the wheels, and thereby increasing the effectiveness of the wheel brakes. 

[0004] The typical design process, which yields the design depicted in Figure 1, 

includes determining the operating requirements of the aircraft, the location and 
size of the control surfaces, the flight control laws that will be used (if any), and 
then determining the actuator size for each control surface. Determining the 
operating requirements includes defining vehicle characteristics, the environment 
in which the vehicle will operate, and various operating states that the vehicle 
may experience. For example, operating requirements for an aircraft can include, 
among other things, the aircraft's characteristics such as size and weight, takeoff 
distance, landing distance, normal load factor capabilities, range, stall 
characteristics, descent capabilities, climb capabilities, and a range of operating 
airspeeds. Environmental factors can include, among other things, an operating 
range of air density, an operating range of air temperature, and environmental 
discontinuities such as gusts and wind shears. Operating states can include, 
among other things, a carriage of external stores, the capability to operate with a 
power plant failure, and/or the capability to operate with a flight control surface 
that is jammed such that it will not move from a fixed position. 

[0005] As noted above, after the operating requirements are defined, the location 

and estimated size of the various control surfaces needed to satisfy the operating 
requirements are chosen. Typically, conventional control surface locations are 
chosen on the wing and tail sections of the aircraft. The size of the control 
surfaces results from the amount of surface area needed to generate the forces 
and moments to satisfy the operating requirements. Control surfaces may b 
actuated by pure mechanical means through hydraulic actuators or by fly-by-wire 
or fly-by-light systems using a computer-based set of control laws that command 
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the appropriate deflection of the control surface needed to satisfy the operating 
requirements and achieve the commanded flight path or aircraft response. 

[0006] If a set of control laws is used, it may be an augmentation system, which 

provides command signals to the control surfaces in addition to pure mechanical 
inputs, or a full authority control system where there are no direct mechanical 
links to the control surfaces. In either case, the set of control laws is typically 
implemented using a combination of sensors and look-up tables to determine the 
appropriate control surface movement to satisfy the operating requirements and 
achieve the desired flight path or aircraft response. Typically, the set of control 
laws is designed with the operating requirements in mind and tailored during the 
design process to the size and location of the control surfaces used. 

[0007] After the control surfaces have been sized and located, and the set of 

control laws defined (if applicable), the required actuator characteristics needed 
to satisfy the operating requirements are determined for each control surface. 
These characteristics can include, but are not limited to, actuator rate capabilities, 
actuator force capabilities (instantaneous and prolonged), damping 
characteristics, blow-down characteristics, and response to a loss of hydraulic 
pressure if a hydraulic actuator is used. The required actuation capability is 
determined for each control surface based on the operating requirements, control 
surface size, and control surface functionality. 

[0008] For example, an aileron providing roll control is required to move rapidly so 

that an operator can maneuver the aircraft during various phases of flight, 
including landing or in response to an upset caused by a gust of wind. 
Conversely, on a transport aircraft, the flaps generally do not need to move 
rapidly since they are typically used to configure the aircraft for longer term tasks, 
including takeoff, landing, or cruise. These configurations generally maintain the 
flaps in a fixed position for at least several minutes, and the flaps often take 
several seconds to transition to the various positions. Accordingly, different 
control surfaces will require actuators with different actuation rate capabilities. 
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[0009] Similarly, different control surfaces will have different actuation force 

requirements. For example, the actuator operating a spoiler panel or an aileron 
may not b required to generate as much fore as an actuator operating a larger 
surface such as a flap. Other actuation requirements vary from control surface to 
control surface in a similar manner. This variation in requirements results in the 
need to use actuators with different capabilities throughout the control system in 
order to satisfy the operating requirements given the size, location, and function 
of each control surface. 

[0010] One shortcoming of the prior art design process, and resulting design, is 

that the aircraft is built with numerous specialized control surfaces, positioned by 
numerous actuator types having diverse capabilities. This increases the design 
and manufacturing costs of the aircraft because numerous types of actuators with 
varying characteristics must be designed, manufactured, and inventoried for use 
in production. These different actuator types often have diverse installation 
instructions and functional test requirements, further increasing the cost of 
production. Additionally, the prior art design process also increases the operating 
cost of the aircraft because operators are required to maintain spares for each of 
the numerous actuator types installed in the aircraft. This increases the cost of 
maintaining an inventory of spare parts because it increases the physical number 
of spares that must be kept on hand. It also makes for a complex supply chain 
because the correct actuator type must be identified, located in storage, and 
transported to the maintenance point without error. A further shortcoming of the 
prior art design process, and resulting design, is that control law sets are tailored 
to specific control sizes and locations. Accordingly, it can be difficult to adapt the 
control law set of one vehicle to other vehicle designs, and/or other operating 
requirements. 

SUMMARY 

[0011] The present invention is directed generally toward the sizing of vehicle 

control surfaces and, particularly, to vehicle control surfaces on vehicles that 
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operate in a fluid flow environment. One aspect of the invention is directed 
toward a method for sizing at least a portion of a vehicle control system, including 
selecting an actuator mechanism capability and at least one op rating 
requirement. The method further includes determining the number and size of a 
plurality of control surfaces that are required to satisfy the at least one operating 
requirement during operation in an adjacent flow field so that, in response to at 
least one command signal, each control surface is actively positioned by one or 
more actuator mechanisms having the actuator mechanism capability. 

[0012] For example, the method can include selecting an actuator mechanism rate 

and load (or force) capability, and at least one operating requirement (e.g., a 
range of airspeeds and altitudes). The method can further include determining 
the number and size of a plurality of control surfaces that are required to satisfy 
the at least one operating requirement during operation in an adjacent flow field 
so that, in response to at least one command signal, each control surface is 
actively positioned by an actuator mechanism having the selected rate and load 
capability. Additionally, the method can include installing the control surfaces, 
and the corresponding actuator mechanisms, side by side along approximately an 
entire span of a trailing edge of an aircraft wing. 

[0013] In another aspect of the invention, a method for sizing a portion of a vehicle 

control system can include selecting a set of control laws and selecting at least 
one operating requirement. The method can further include determining the 
number and size of a plurality of control surfaces that are required to satisfy the at 
least one operating requirement during operation in an adjacent flow field so that, 
in response to at least one command signal in accordance with the set of control 
laws, each control surface is actively positioned by an actuator mechanism having 
the actuator mechanism capability. 

[0014] In any of the above arrangements, the location for the control surfaces can 

be determined while determining the number and size of control surfaces to be 
used. In other arrangements, the possible locations available to place the 
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plurality of control surfaces can be constrained prior to determining th size, 
number, and actual location of the control surfaces. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a partially schematic top plan view of a conventional aircraft 

wing in accordance with the prior art. 
[0016] Figure 2 is a flow chart illustrating a control sizing process in accordance 

with an embodiment of the invention. 
[0017] Figure 3 is a partially schematic view of a vehicle with multiple control 

surfaces installed in accordance with an embodiment of the invention. 
[0018] Figure 4 is a partially schematic view of a vehicle with multiple control 

surfaces installed in accordance with another embodiment of the invention. 
[0019] Figure 5 is a partially schematic cross sectional view of an external fluid 

flow body with a control surface and actuator mechanism in accordance with an 

embodiment of the invention. 
[0020] Figure 6 is a partially schematic view of an actuator mechanism in 

accordance with an embodiment of the invention. 
[0021] Figure 7 is a flow chart illustrating a vehicle control sizing process in 

accordance with another embodiment of the invention. 

DETAILED DESCRIPTION 

[0022] The present disclosure describes vehicle control systems and methods for 

sizing control surfaces of such systems. Several specific details of the invention 
are set forth in the following description, and in Figures 2-7 in the context of 
aircraft configurations, to provide a thorough understanding of certain 
embodiments of the invention. One skilled in the art, however, will understand 
that the present invention may have additional embodiments, and that other 
embodiments of the invention may be practiced. without several of the specific 
features explained in the following description. 
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[0023] Figure 2 is a flow chart depicting a control sizing process 200 in 

accordance with certain embodiments of the invention. In one aspect of this 
embodiment, the process includes selecting an actuator mechanism capability 
(process portion 201), and selecting at least one operating requirement (process 
portion 202). The process 200 further includes determining a number, size, and 
location of a plurality of control surfaces to satisfy the at least one operating 
requirement (process portion 204), assuming the control surfaces are powered by 
an actuator mechanism having the capability selected in process portion 201 . 

[0024] The actuator mechanism capability can include a rate capability, a force 

generating capability, a damping capability, or other actuation characteristic. The 
at least one operating requirement can include vehicle characteristics, the 
environment in which the vehicle will operate, and/or various operating states that 
the vehicle may experience. For example, the vehicle characteristics can include 
vehicle size and weight, the speed of the vehicle through the fluid, and the forces 
and moments that the vehicle must be able to generate to achieve a selected 
level of maneuverability. Environmental factors can include, among other things, 
a range of fluid density, a range of fluid temperature, and the motion of the fluid, 
including any environmental discontinuities such as sudden changes in fluid 
velocity (e.g., wind shears). Operating states can include, among other things, 
the configuration of the vehicle, including a carriage of external stores, the 
capability to operate with at least one power plant failure, and/or the capability to 
operate with a control surface that is jammed such that it will not move from a 
fixed position. 

[0025] In one embodiment (unless otherwise constrained), the control surfaces 

may be located anywhere on the vehicle where the control surface can interact 
with an adjacent flow field, as described in further detail below. Additionally, the 
control surfaces can be located, sized and provided in specific quantities so that 
at least some of the control surfaces can have multiple purposes. For example, 
when the vehicle is an aircraft, the same control surface may be used to provide 
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high lift characteristics for takeoff and landing, as well as roll control and/or 
increased drag characteristics during various phases of flight. 
[0026] In another embodiment of the invention, the process 200 can include 

selecting the possible control surface locations available for placing the control 
surfaces (process portion 203). Then the number, size, and location of the 
plurality of control surfaces determined in process portion 204 can be determined 
while limiting control surface placement to the locations selected in process 
portion 203. 

[0027] Figure 3 is a partially schematic view of a vehicle 312 (e.g., an aircraft) with 

multiple first control surfaces 309 and multiple second control surfaces 340 sized 
and installed in accordance with an embodiment of the invention. The vehicle 312 
can include an external fluid flow body 301 (e.g., an aircraft lifting surface), having 
a forward portion 302. The forward portion 302 can include a first flow surface 
303 and a second flow surface 304 facing opposite the first flow surface 303. The 
juncture of the first flow surface 303 and the second flow surface 304 can form a 
leading edge 305, a trailing edge 306, a first trailing edge tip 308a, and a second 
trailing edge tip 308b. A trailing edge span 315 extends from the first trailing 
edge tip 308a to the second trailing edge tip 308b. 

[0028] In certain embodiments of the invention, vehicle 312 includes a portion of a 

control system having a plurality of the first control surfaces 309 distributed on 
various external surfaces of the vehicle 312. Seven first control surfaces 309a- 
309g are shown in Figure 3. Four first control surfaces 309a-309d are coupled to 
the trailing edge 306 of the external fluid flow body 301, and are distributed 
across approximately the entire trailing edge span 315. Two first control surfaces 
309e-309f are coupled to the leading edge 305 of the external fluid flow body 301 . 
One first control surface 309g is coupled to a body portion 318 of the vehicle 312. 
Other embodiments can include more or fewer control surfaces and/or control 
surfaces having other locations. For example, in one embodiment, the vehicle 
312 can have three first control surfaces 309 distributed across approximately the 
entire trailing edge span 315. 
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[0029] The first control surfaces 309 are movable and configured to interact with 

an adjacent flow field 311 created by the relative motion between the vehicle 312 
and the surrounding fluid. Through this interaction, the first control surfaces 309 
create forces and moments (representative examples of which are indicated by 
arrows N and Y, respectively), which can be resolved about the center of gravity 
360 of the vehicle 312. These forces and moments in turn affect the motion of the 
vehicle 312 and/or the path of the vehicle 312 through the fluid. 

[0030] Each of the first control surfaces 309 can be positioned by a corresponding 

first actuator mechanism 330 (nine are shown in Figure 3, as first actuator 
mechanisms 330a-330i). Other embodiments can have more or fewer first 
actuator mechanisms 330. The first actuator mechanisms 330 actively position 
the first control surfaces 309 in response to at least one command signal 370 
(although all first actuator mechanisms 330 may receive command signals, only 
one command signal directed to first actuator mechanism 330b is shown in Figure 
3 for the sake of illustration). The command signal 370 can be a pure mechanical 
transmission of a control input provided by an operator or another vehicle system, 
or it can be an input signal provided by a fly-by-wire or fly-by-light system. 
Additionally, the command signal 370 can be generated by a set of control laws 
371, stored in an onboard computer 372, which is used to augment or control the 
vehicle 312, as discussed in further detail below. 

[0031] As shown in Figure 3, the first control surfaces 309 not only can be located 

on different portions of the vehicle 312, but also can vary in physical 
characteristics (e.g., the shape, span, and chord). By choosing the appropriate 
physical characteristics for each first control surface 309 (e.g., sizing the first 
control surfaces 309), the at least one operating condition can be met with each 
first control surface 309 being positioned by a single first actuator mechanism 
330, with each actuator mechanism 330 having approximately the same actuation 
characteristics. In other embodiments, at least one of the first control surfaces 
(e.g., first control surfaces 309f-309g) can be sized to require two or more first 
actuator mechanisms 330 in order to meet the at least one operating requirement. 
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In any of these embodiments, all the first control surfaces 309 are powered by first 
actuator mechanisms 330 having at least approximately the same actuation 
characteristics. 

[0032] In another aspect of the foregoing arrangement, at least one of the first 

control surfaces 309 can perform multiple functions. For example, if the vehicle 
312 includes an aircraft, the body portion 318 includes a fuselage, and the 
external fluid flow body 301 includes a wing, the first control surfaces 309a-309d 
coupled to the trailing edge 306 can be actively positioned to control both pitch 
and roll. Additionally, these first control surfaces 309a-309d can function as drag 
rudders providing direction control throughout the flight envelope. 

[0033] In a particular embodiment, the first control surfaces 309 can function as 

drag rudders and can be used to counter the moments resulting from a power 
plant failure. For instance, vehicle 312 can include at least one power plant 360 
(two are shown in Figure 3 as a left power plant 360a and a right power plant 
360b). If the left power plant 360a fails, the right power plant 360b will cause a 
yawing moment in the direction of arrow Y in Figure 3. This moment can be 
countered, or balanced, by deflecting the right two first control surfaces 309c- 
309d on the trailing edge 306 of the wing in opposite directions by different 
magnitudes. The drag produced by these deflections can offset the yawing 
moment caused by the failure of the left power plant 360a, and the appropriate 
level of drag can be maintained while the right two first control surfaces 309c- 
309d continue to function with the other first control surfaces 309a-309b on the 
trailing edge 306 of the wing to control pitch and roll. In other embodiments, the 
first control surfaces 309 are installed on a lifting body or a flying wing and 
perform similar functions. 

[0034] The vehicle 312 can also include at least one second control surface 340 

(two are shown in Figure 3 as a left second control surface 340a and a right 
second control surface 340b). The at least one second control surface 340 is 
configured to be movable in a manner such that it can interact with the flow field 
311 to creat forces and mom nts on the vehicle 312. Each second control 
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surface 340 can be coupled to at least one second actuator mechanism 350 (two 
are shown in Figure 3 as a left second actuator mechanism 350a and a right 
second actuator mechanism 350b). In some embodiments, the second actuator 
mechanism 350 can have actuation capabilities approximately identical to those 
of the first actuator mechanisms 330, even if the number, size, and location of the 
second control surfaces 340 were not determined using the same process as that 
used to determine number, size, and location of the first control surfaces 309. In 
other embodiments, multiple second actuator mechanisms 350 can be coupled to 
a single second control surface 340. In still other embodiments, the second 
actuator mechanisms 350 can have actuation capabilities different than those of 
the first actuator mechanisms 330. 

[0035] Figure 4 is a partially schematic view of a vehicle 412 with multiple first 

control surfaces 409 sized and installed in accordance with another embodiment 
of the invention. In this embodiment, the vehicle 412 can include an external fluid 
flow body 401 (e.g., a wing) with a forward portion 402. The forward portion 402 
can have a trailing edge 406 and a trailing edge span 415 extending from a first 
trailing edge tip 408a to a second trailing edge tip 408b. The trailing edge span 
415 can be interrupted by a body portion 418 of the vehicle 412, making the 
trailing edge span 415 of the external fluid flow body 401 noncontinuous. 
Accordingly, the trailing edge span 415 can have a first span portion 480a 
extending from the first trailing edge tip 408a to a first portion 420 of the vehicle 
412 and a second span portion 480b extending from a second portion 421 of the 
vehicle 412 to the second trailing edge tip 408b. 

[0036] A plurality of first control surfaces 409 can be distributed across 

approximately the entire first span portion 480a and the entire second span 
portion 480b of the trailing edge 406. For example, four first control surfaces 
409a-409d are shown in Figure 4. A first actuator mechanism 430 (shown as first 
actuator mechanisms 430a-430d) can be coupled to each first control surface 
409, with the first actuator mechanisms 430 all having approximately the same 
actuation capability. 
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;oo37] The first control surfaces 409 can be configured to perform multiple 

functions in a manner generally similar to that discussed above with reference to 
Figure 3. For example, in Figure 4 the vehicle 412 can include an aircraft. The 
external fluid flow body 401 can include a wing, the body portion 418 can include 
a fuselage, and the first and second portions 420, 421 can include a first and 
second side of the fuselage. The first control surfaces 409 coupled to the trailing 
edge 406 of the forward portion 402 of the wing can be used to increase lift, to 
increase drag, and to affect control of the aircraft in yaw, pitch, and roll. 
Additionally, these first control surfaces 409 can operate to produce a minimum 
drag configuration in cruise, to control the spanwise lift distribution, and to affect 
the strength of wing tip vortices. Other embodiments of the invention can have 
more or fewer first control surfaces 409 distributed across approximately the 
entire first and second span portions 480a, 480b of the trailing edge 406. For 
example, six to ten first control surfaces 409 can be used to provide a larger 
number of first control surfaces 409 that can be independently positioned to affect 
performance and control of the aircraft. 

[0038] Figure 5 depicts a cross sectional view of an external fluid flow body 501 

having a first control surface 509 in accordance with another embodiment of the 
invention. The external fluid flow body 501 can include any vehicle surface 
exposed to the flow field 511, for example, an airfoil section, a supercritical airfoil 
section, or a combination of these elements. The external fluid flow body 501 
shown in Figure 5 includes a supercritical airfoil section having a forward portion 
502 with a trailing edge 506. The first control surface 509 can be coupled to the 
trailing edge 506 to interact with an adjacent flow field 511. As the first control 
surface 509 moves, it affects forces and moments (represented by arrows F and 
M) on the external fluid flow body 501 . 

[0039] The first control surface 509 can be coupled to the forward portion 502 via 

a first actuator mechanism 530. The first actuator mechanism 530 can be 
supported by, and/or enclosed in, an aerodynamic shroud 590 (shown 
schematically in Figure 5), or support d by other methods commonly known by 



[03004-81 04/SL032860.304] 



1/5/04 



those skilled in the art. The first actuator mechanism 530 can include a 
jackscrew, a ported hydraulic actuator, a rack and pinion actuator, or another 
suitable actuator device or devices. The first actuator mechanism 530 shown in 
Figure 5 includes an actuator pinion gear 532 and actuator rack 531 . 

[0040] The first control surface 509 can be configured such that when it is actively 

positioned by the first actuator mechanism 530 in response to at least one 
command signal 570, it controls the physical characteristic of a slot 507, defined 
by the forward portion 502 and the first control surface 509. Multiple control 
surface positions are shown in Figure 5 in phantom lines, illustrating how at least 
one characteristic (e.g., the width) of the slot 507 changes as the first control 
surface 509 moves. Large deflections of the first control surface 509 can be used 
to create a high drag configuration by placing the first control surface 509 nearly 
perpendicular to the chord of the forward portion 502. 

[0041] Figure 6 illustrates a first actuator mechanism 630 having multiple 

actuators 633 (two are shown in Figure 6 as a first actuator 633a and a second 
actuator 633b), in accordance with another embodiment of the invention. The 
actuators 633 are configured to operate together to actively position a first control 
surface 609. In one embodiment, the actuators 633a, 633b can have 
approximately identical actuation capabilities and can be of the same type (e.g., 
both hydraulic). In another embodiment, each actuator 633a, 633b can be of a 
different type. In yet another embodiment, each actuator 633a, 633b can have 
different capabilities. For example, the first actuator 633a can have a high 
actuation rate capability and the second actuator 633b can have a high actuation 
force capability, allowing the first actuator mechanism 630 to satisfy high rate and 
high force requirements. In any of these embodiments, similar first actuator 
mechanisms 630 can power other first control surfaces, as described above with 
reference to Figure 3. 

[0042] One feature of the foregoing embodiments is that a single type of first 

actuator mechanism can be used to power first control surfaces having different 
configurations and physical characteristics. This is unlike the portion of the 
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aircraft control system depicted in Figure 1, which requires actuators with 
numerous different characteristics to drive the various control surfaces on the 
wing 1 . An advantage of the present arrangement is that fewer different types of 
actuator mechanisms are required to be designed, manufactured, and inventoried 
for use in production. Reducing the number of different types of actuator 
mechanisms can also reduce the required number of diverse installation 
instructions and functional test specifications, further reducing production costs. 
Additionally, the operating cost of the aircraft can be reduced because operators 
are required to maintain fewer spares. Furthermore, the corresponding supply 
chain can be simplified because there are fewer different types of actuator 
mechanisms that must be identified, located, and transported to the point of 
service when maintenance is required. 
[0043] Using the first control surfaces to perform multiple functions (as described 

above with reference to Figures 2-6) can require complex implementation 
arrangements. Accordingly, designers can use a set of control laws to augment 
or fully control the first control surfaces. Suitable methods and computer 
programs for controlling the actuators of an aerodynamic vehicle are described in 
U.S. Patent Number 6,591,169, which is incorporated herein in its entirety by 
reference. Such methods are particularly well suited to take advantage of the 
synergism that can be achieved by using multiple first control surfaces. 
Additionally, such methods can be used to determine the real time effectiveness 
of a control surface and to recruit other control surfaces to achieve a desired 
response. Accordingly, in one embodiment of the present invention, such 
methods can be used to augment the process of determining the number, size, 
and location of the first control surfaces by identifying how the various first control 
surfaces, singularly or in combination, can be used to satisfy an operating 
requirement. The operating requirement can include, but is not limited to, loss of 
a power plant or a jammed control surface. In other embodiments of the 
invention, other sets of control laws (e.g., a C-star control law, which is generally 
available) can be used, or a pure mechanical system can be implemented. In still 
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other embodiments, as discussed below, a set of control laws can be selected 
before the control surfaces are sized. 

[0044] Figure 7 is a flow chart illustrating a control sizing process 700 in 

accordance with an embodiment of the invention. The process 700 can include 
selecting a set of control laws (process portion 701) and at least one operating 
requirement (process portion 702). The process further includes determining the 
number, size, and location of a plurality of control surfaces required to satisfy the 
at least one operating requirement, when the control surfaces are actively 
positioned in response to at least one command signal that is governed, at least 
in part, by the set of control laws (process portion 705). As discussed above, the 
control surfaces can be located on any portion of the vehicle where the control 
surface can interact with the flow field to generate forces and moments. 

[0045] In another embodiment, prior to determining the number, size, and location 

of a plurality of control surfaces (process portion 705), the possible locations for 
the control surfaces can be constrained by selecting only certain locations of the 
vehicle (process portion 704). In another embodiment, at least one actuator 
mechanism capability can be selected (process portion 703) prior to determining 
the number, size, and location of a plurality of control surfaces (process portion 
705), such that each control surface is actively positioned by an actuator 
mechanism having the selected actuator mechanism capability (process portion 
703). In still other embodiments, the method can include both selecting an 
actuator mechanism capability (process portion 703) and constraining the 
possible locations for control surface placement (process portion 704) prior to 
determining the number, size, and location of the plurality of control surfaces 
(process portion 705). In still further embodiments, the set of control laws can 
include methods and computer programs for controlling the actuators of an 
aerodynamic vehicle, such as those described in U.S. Patent No. 6,591,169. 

[0046] One feature of the process described above with reference to Figure 7 is 

that an existing set of control laws can be easily adapted for use in a vehicle with 
characteristics differ nt from the characteristics of a vehicle for which the set of 
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control laws was initially developed. By determining the number, size, and 
location of the control surfaces based, at least in part, on the selected set of 
control laws, operating requirements can be met with little or no change to the 
selected set of control laws. An advantage of this arrangement is that a common 
set of control laws can be used on a number of vehicles with different 
characteristics, while avoiding, at least in part, some of the very expensiv 
development costs of designing a new set of control laws or drastically 
redesigning an existing set. 
[0047] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. Apparatuses and methods in accordance with further embodiments of 
the invention can include other combinations of the features described above. 
For example, in other embodiments the first control surfaces can be distributed 
across the trailing edge of other types of external fluid flow bodies and the span 
can be interrupted by another portion of the vehicle or a second external fluid flow 
body. In one embodiment, a horizontal tail of an aircraft can have a plurality of 
first control surfaces distributed across its trailing edge, and the span of the 
trailing edge can be interrupted by the vertical tail of the aircraft. Furthermore, 
some or all aspects of the foregoing embodiments are not limited to use on 
aircraft and have similar advantages when incorporated into other types of 
vehicles intended to operate in various types of fluid flow environments. 
Accordingly, the invention is not limited except by the following claims. 
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